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ABSTRACT 
Dwarf hygro (Hygrophila polysperma [Roxb.] T. An-
derson) is an important medicinal aquatic plant and bioin-
dicator. The study presents in vitro adventitious shoot 
regeneration from leaf explant of dwarf hygro cultured in 
liquid MS medium containing 0.50-2.50 mg/l Ben-
zylaminopurine (BA). Adventitious shoot regeneration 
initiated from leaf margins and maximum of 5.11 
shoots per explant were induced on MS medium contain-
ing 1.0 mg/l BA. After 6 weeks of culture. explants were 
transferred to culture medium supplemented with 0.50-
2.50 mg/l BA plus 1.0 mg/l Gibberellic acid (GA3) for 
shoot elongation and multiplication. Addition of GA3 
along with different concentrations of BA increased the 
shoot number and shoot length. Maximum of 10.92 shoot 
were recorded from MS medium containing 1.0 mg/l 
BA+1.0 mg/l GA3. Whereas, longer shoot (1.24 cm) was 
recorded from 0.5 mg/l BA-1.0 mg/l GA3. Regenerated 
shoots were rooted successfully on agar solidified MS 
medium containing 0.10-1.00 mg/l Indole-3-butyric acid 
(IBA) and 100% rooting was achieved within 3 weeks. 
Rooted plantlets were acclimatized in aquarium contain-
ing tap water where they continue their growth. 
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1. INTRODUCTION 
Water is the most important environmental factor for 
the survival of all living organisms. The water bodies con-
tain different types of living organisms and oxygen re-
quirement of these organisms is fulfilled by aquatic plants. 
Besides that, aquatic plants are rich source of organic 
matter in water environment [1, 2]. Aquatic plants are the 
most important and primary unit of the water ecosystem 
due to their ability of phytoremediation [3, 4] and bio-
monitoring [5, 6]. Aquatic plants are also commonly used 
in the aquarium industry all over the world. Although, these 
plants are native to tropical and subtropical regions [7], their  
 
* Corresponding author 
popularity and rapid increase in demand resulted in distri-
bution all over the world.  
Dwarf Hygro (Hygrophila polysperma [Roxb.] T. 
Anderson), is an aquatic plant of the Acanthus family. 
The genus Hygrophila has around 90 species having   
medicinal [8,9] and antibacterial [10] properties. Dwarf   
hygro has been used in traditional ayurvedic medication 
for hemiplegia, stiff-neck, facial paralysis and noise in the 
ears with headache [11]. The seeds have also been 
used for remedies in India [12] and are enlisted in the         
medicinal plant lists of Indian states of West Bengal [13] 
and Karnataka [14]. The plant is reported as an efficient 
bio-indicator for surfactants toxicity level [15] along with 
bio-indicator for algae and Indian ferns [16] in aquariums.  
Dwarf hygro is native to tropical and sub-tropical   
regions of India and Malaysia, and was introduced in 
1945 as Eastern Ludwiga in the USA states of Texas, 
Florida and Virginia [17, 18]. This plant is one of the 
most popular aquatic ornamental plants [3] in European 
countries and ranked third after Egeria densa and Ca-
bomba caroliniana [19]. Besides its importance, dwarf 
hygro is one of the neglected plants of the genus         
hygrophila. The present study was carried out to get   
adventitious shoot regeneration from liquid culture under 
in vitro conditions in order to employ a protocol to isolate 
secondary metabolites from important medicinal plant.  
 
 
2. MATERIALS AND METHODS 
Dwarf Hygro (H. polysperma) plants were obtained 
from the local aquarium of Karaman province, Turkey. 
They were subjected to sterilization. Four-five cm long 
twigs containing 5-6 nodes with attached leaves were first 
washed under tap water for 5 min followed by surface 
sterilization with 60 %  hydrogen peroxide (H2O2) (40 % 
v/v) for 10 min. Thereafter, these were rinsed thrice 
with sterilized distilled water by continuous stirring for 
5 min each. After sterilization, twigs were cultured on          
Murashige and Skoog (MS) [20] medium devoid of 
growth variants for 2 weeks in order to obtain contamina-
tion free explants. Leaves were detached from twigs under 
sterile conditions and were cultured on liquid MS medium 
supplemented with 3% sucrose and 0.50-2.50 mg/l BA   
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(Table 1) in Magenta GA7 vessels. Culture media was also 
supplemented with 500 mg/l Amoklavin (Antibiotic) to 
eradicate bacterial contamination.  
After 6 weeks of culture, explants were transferred to 
new culture medium containing 0.50-2.50 mg/l 6-Benzyl-
aminopurine (BA) with 1.00 mg/l Gibberellic acid (GA3) 
(Table 1). Data regarding shoot regeneration frequency, 
callogenesis, shoots per explant and mean shoot length 
were taken twice after 6 weeks and 10 weeks respectively.  
The regenerated shoots were cultured on MS medium 
supplemented with 0.10-1.00 mg/l Indole-3-butyric acid 
(IBA) for rooting. After three weeks of culture, rooted 
plantlets were taken from Magenta vessels and washed 
under water in order to remove agar without damaging the 
roots. Thereafter, rooted plants were transferred to aqua-
riums containing tap water and sand for acclimatization.  
The experiment was carried out in triplicate with the 
pH of all media adjusted to 5.8 before autoclaving (118 kPa 
atmospheric pressure, 121oC for 20 min). All cultures 
were incubated under 16 h light photoperiod (5000 lux) 
using white Light Emitting Diode (LED) lights. Each 
treatment contained 8 explants and both shoot and root 
regeneration experiments were repeated twice Statistical 
analysis was performed as One Way ANOVA using SPSS 
17 for Windows and post hoc test was performed using 
Duncan test. Data given in percentages were subjected to 
arcsine transformation [21] before statistical analysis. 
 
 
3. RESULTS AND DISCUSSIONS 
The present study describes the in vitro adventitious 
shoot regeneration from leaf explant of dwarf hygro in 
liquid culture medium. Leaf explant has been used for 
adventitious shoot regeneration in other aquatic plants like 
Water lilly Nymphaea [22], Rotala macrandra [23], water 
hyssop (Bacopa monnieri) [24] and dwarf hygro (H. poly-
sperma) [25]. Similarly, liquid MS medium has been 
reported for successful in vitro shoot regeneration of some 
aquatic plants like Nothapodytes mimmonia [26], Alocasia 
amazonica [27], B. monnieri [28] and Ceratophyllum demer-
sum [29]. The present study showed that direct shoot regen-
eration initiated within two weeks of culture (Figure 1a,b) 
without any sign of callogenesis. Our results are in agree- 
ment with those of Karataş et al. [25], Saritha and Naidu 
[30] and Valobra and James [31]. Shoot regeneration was 
recorded on the margins of leaf (Figure 1c) which sup-
ported the findings of Karataş et al. [25]. They reported 
the shoot bud initiation from tips or edges of leaf explant 
of H. polysperma on agar solidified medium. The present 
observations indicate that callogenesis started after four 
weeks of culture on all culture medium and has been 
previously reported in other aquatic plants like water 
lettuce [32] and B. monnieri [24]. The results further em-
phasized that growth variants in the culture medium were 
more supportive for shoot induction rather than callus 
induction. 
Analysis of variance results showed insignificant ef-
fects of BA concentration on shoot regeneration frequency 
(p<0.01), while showed significant effects (p<0.01) on 
shoots per explant. Shoot regeneration frequency ranged 
45.33-66.33% in line with Karataş et al. [25], who reported 
variable response of KIN or TDZ alone on shoot regenera-
tion frequency of leaf explant of dwarf hygro cultured on 
agar solidified medium. Similarly, variable shoot regen-
eration frequency of other aquatic plants in response to 
growth regulators has been reported in B. monnieri [33, 
34]. Contrarily, Karataş et al. [24] reported 100% shoot 
regeneration from leaf explant of B. monnieri using vari-
ous concentrations of BA-NAA, might be due to differ-
ence in growth regulators and species. Maximum shoot 
regeneration frequency (66.33%) was recorded on liquid 
MS medium with 0.50 mg/l BA. It was observed that 
increasing in BA concentration resulted in decreasing the 
shoot regeneration frequency. These results are contradictory 
to the findings of Gnanaraj et al. [35], who recorded in-
creased shoot regeneration frequency with increase of BA 
which might be due to different explants used for Alter-
nanthera sessilis.  
Results on number of shoots per explants also revealed 
the importance of BA concentration and were recorded 
between 2.85 and 5.11 (Table 1). Karataş et al. [25] also 
reported 0.00-1.33 and 9.40-13.67 shoots per explant from 
leaf explant of H. polysperma cultured on 0.10-1.60 mg/l 
Kin and TDZ respectively. However, they obtained rela-
tively higher numbers of mean shoots per explants when 
0.10 mg/l IBA was added to the culture medium and they 
recorded 2.41-16.33 and 13.43-20.55 shoots per explant, 
 
 
 
TABLE 1 - Effects of BA-GA3 concentrations on multiple shoot regeneration through leaf explants of dwarf hygro (Hygrophila polysperma). 
Shoot Regeneration after 6 weeks of cul-
ture Shoot Regeneration after 10 weeks of culture 
 
BA 
(mg/l) Shoot regeneration 
frequency (%) 
Shoots per 
explants 
 
BA+GA3 
(mg/l) Shoot regeneration 
frequency (%) 
Shoots per 
explant 
shoot length 
(cm) 
0.5   66.67ns 5.03ab 0.5+1.0 70.83a 7.27ab 1.24a 
1.0 62.50 5.11a 1.0+1.0 75.00a 10.92a 0.23b 
1.5 54.17 2.99ab 1.5+1.0 45.83ab 3.27b 0.37b 
2.0 45.83 3.30ab 2.0+1.0 58.33ab 5.10b 0.24b 
2.5 58.33 2.85b 2.5+1.0 33.33b 4.33b 0.18b 
Means followed by different small letters within columns are significantly different (p<0.01) 
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FIGURE 1- In vitro adventitious shoot regeneration and acclimatisation from leaf explants of dwarf hygro (Hygrophila polysperma) in liquid 
medium (a,b) shoot induction after 2 weeks of culture (c) shoot initiation from the margins of leaf (d) acclimatized plants in aquariums 
 
 
 
respectively. In the study, maximum number of shoots per 
explant was recorded at lower concentration of BA con-
taining liquid medium, which supports the findings of 
Dandin and Murthy [26] and Yenice [36]. Further, it was 
found that number of shoots per explants decreased with 
an increase in mean number of shoots per explants which 
is in line with the results of Jo et al. [27] in Alocasia ama-
zonica. However, Vijaykumar et al. [33] and Sharma et al. 
[37] reported a decline in shoots per explants of water 
hyssop which might be due to different plant and explants 
type used by them.   
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Results showed that BA concentrations exerted vari-
able effects on shoot induction and elongation that might 
be due to carry over effects of BA in liquid medium. 
Therefore, after 6 weeks of culture, explants were trans-
ferred to the same culture medium (0.50-2.50 mg/l BA) 
along with 1.00 mg/l GA3 for four weeks. Thereafter, data 
regarding shoot regeneration frequency, number of shoots 
per explant and mean shoot length were taken (Table 1) 
and analyzed. Analysis of variance analysis showed sig-
nificant effects (p<0.01) of BA-GA3 on shoot regenera-
tion frequency, shoots per explant and shoot length.   
Addition of GA3 exerted variable effects on shoot regen-
eration frequency that ranged between 33.33 and 75.0 %. 
The change in shoot regeneration frequency was due to 
death of explants after transfer to new medium. Whereas, 
addition of GA3, showed an increase in number of shoots 
with all concentrations of BA (Table 1) and ranged 3.27-
10.92.  Previously, Bhagwat et al. [38] also found positive 
effects of GA3 in the culture medium on shoot prolifera-
tion of cassava. Maximum increase in shoots number was 
recorded on MS medium containing 1.0 mg/l BA with 1.0 
mg/l GA3. On the other hand, addition of GA3 positively 
increased the shoot length and ranged 0.18-1.24 cm in 
line with Hoque et al. [39], who reported stimulation of 
the axillary shoot elongation of water chestnut by the 
addition of 0.5 mg/l GA3 with 2,4-D and BA combina-
tions. Maximum shoot length was recorded on MS  
medium supplemented with 0.50 mg/l BA+ 1.00 mg/l 
GA3. Whereas, all other growth media produced relatively 
shorter shoots that ranged 0.18 cm-0.37 cm (Table 1) 
which might be due to carry over effects of BA concentra-
tions [25]. For rooting, in vitro regenerated healthy and 
uniform shoots were isolated and cultured on MS medium 
supplemented with 0.10-1.00 mg/l IBA. After 10 days of 
culture, shoots were initiated root formation at the base of 
explants and 100% rooting were recorded within 3 weeks 
of culture [25]. The IBA is most commonly used auxin 
for rooting of in vitro regenerated plantlets for rooting of 
aquatic and cultural plants [40, 41]. The rooted plantlets 
were successfully acclimatized in aquariums (Figure 1d) 
and have been reported for the acclimatization of other in 
vitro regenerated aquatic plants like R. macrandra [23], 
C. demersum [29], A. sessilis [35], N. indica [42], V. ana-
gallis-aquatica [43], C. wendtii and C. beckettii [44] and 
B. monnieri [24]. The rooted plants showed 100% sur-
vival rate after 2 months.  
 
The study presents the successful in vitro adventitious 
shoot regeneration, rooting and acclimatization of dwarf 
hygro plant in liquid culture. The protocol can be em-
ployed for different biotechnological tools for future stud-
ies of this important aquatic plant which is also an impor-
tant medicinal and bio-indicator in water ecosystem.    
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